1. Introduction {#s0005}
===============

Depression is one of the most common mental disorders and it is estimated that 350 million people of all ages suffer from depression globally ([@bb0080]). World Health Organization predicts that depression will be the leading cause of disease burden worldwide by the year 2030 ([@bb0190]). Data from the National Health and Nutrition Examination Survey, 2009--2012 has indicated that about 7.6% of people aged 12 and over had moderate or severe depression ([@bb0120]). Studies have found that females are more likely to experience depressive symptoms than male ([@bb0180], [@bb0170]). Several researches have been conducted to seek the association between depression and individual characteristics such as: physical activity, socio-economic status and existing disease conditions, and reported that these factors are associated with depression ([@bb0025], [@bb0070], [@bb0160], [@bb0195]). Research in sedentary behavior and health risk suggests that engaging in sedentary behavior is associated with depression and several chronic diseases such as: type 2 diabetes and cardiovascular diseases ([@bb0180], [@bb0085], [@bb0150]).

Sedentary behavior can be defined as behavior characterized by a seated or reclining posture and low energy expenditure (≤ 1.5 Metabolic Equivalent Task) ([@bb0150]). TV watching and computer use are common sedentary activities in United States and elsewhere. People who spend \> 4 h of screen time such as: TV watching and computer use, are at higher risk of developing depression ([@bb0180], [@bb0045]). While, it is also reported that people with depressive symptoms spend significantly more hours in a day, watching TV and using computer ([@bb0180]).

Most of the studies have focused towards the relation of physical activity with mental health. The role of physical activity in mental health is well established in several studies and it is proven that physically active individuals are less likely to suffer from depressive symptoms ([@bb0040]). However, there are a limited number of studies done to assess screen time (TV watching and computer use) and depression, controlling major demographic and socio-economic factors. This study aims to assess the relationship between screen time and depression risk among U.S. adults and select the best model to predict depression.

2. Methodology {#s0010}
==============

2.1. Study design and sample {#s0015}
----------------------------

This is a cross-sectional study, done using the 2011--2012 cycle of National Health and Nutrition Examination Survey (NHANES) data ([@bb0010]). NHANES is a cross-sectional survey, representing the no institutionalized civilian resident population of the United States. Individuals who were 20 years or more were included in this study ([@bb0015]). Participants who did not respond to the depression screener questionnaire (Patient Health Questionnaire-9) were excluded from the study ([@bb0060]). Similarly, those who did not have complete data for demographic information and TV watching/computer use were also excluded. A total of 3201 adults from the United States were included in this study ([@bb0060]).

2.2. Diagnosis and classification of depressive symptoms {#s0020}
--------------------------------------------------------

Depressive symptoms were determined based on participant\'s responses to the PHQ-9 questionnaire in the NHANES 2011--2012 cycle. PHQ-9 is the 9-item self-report depression scale that asks questions about the frequency of symptoms of depression over the past 2 weeks ([@bb0050], [@bb0090]). Each item can be scored from 0 (not at all) to 3 (nearly every day) ([@bb0050]). The PHQ-9 score can range from 0 to 27 and thus, classified in two categories. Individual having PHQ-score \< 9 were classified as "no or mild depression" and those with PHQ-score of 10 or more, were classified as "moderate to severe depression" ([@bb0130], [@bb0185]).

2.3. Screen time {#s0025}
----------------

Self-reported total hours per day spent on watching TV and use of computer, was calculated based on the responses on two questions: 1). "Over the past 30 days, on average how many hours per day did you sit and watch TV or video", 2). "Over the past 30 days, on average how many hours per day did you use a computer or play computer games outside of work or school". "Average number of hours per day watching TV or video" and "average number of hours per day using computer or playing computer games outside of work" were summed and called as "screen time". Participants screen time was classified into two categories ([@bb0005], [@bb0035]). Those with \> 4 h per day of screen time are categorized as high screen time and those with \< 4 h per day of screen time are categorized as low screen time ([@bb0020], [@bb0140]).

2.4. Body mass index (BMI) {#s0030}
--------------------------

Self-reported body weight and height of participants were used to determine Body Mass Index (BMI) and classified into 4 categories: 1) Underweight (\< 18.5 kg/m^2^), 2) Normal weight (18.5 to 24.9 kg/m^2^), 3) Overweight (25 to 29.9 kg/m^2^) and 4) Obese (\> 30 kg/m^2^) ([@bb0020]).

2.5. Covariates {#s0035}
---------------

Based on existing literatures on screen time and depression; age, gender, sex, race/ethnicity (Non-Hispanic White, Non-Hispanic Black, Hispanic and Other race) and education were included in this study as confounding variables ([@bb0030], [@bb0110], [@bb0175]). Education was categorized into 2 levels: 1) Less than high school/general education development (GED) and 2) High school graduate/GED or equivalent or more. Similarly, age was categorized into four groups: 1) 20 to 35 years, 2) 36 to 50 years, 3) 51 to 65 years, and 4) \> 65 years. Since depression is more common in adult group (≥ 20 years), participants who were \< 20 years were excluded for this study.

Socioeconomic status (SES) was determined based on income to poverty ratio, which was obtained from NHANES data set. Income-to-poverty ratios represent the ratio of family or unrelated individual income to their appropriate poverty threshold ([@bb0065]). In this study, a ratio below 1.00 was categorized as below poverty threshold, while a ratio 1.00 or greater was categorized as income above the poverty threshold.

2.6. Statistical analysis {#s0040}
-------------------------

All statistical analysis was performed in SAS®9.4 software ([@bb0135]). Frequency and percentage of study variables were calculated. In order to observe the relationship between dependent (depression level) and independent variables (screen time including age, sex, gender, race, poverty level, education level) univariate and multivariate modeling were used.

All potential covariates were identified a priori, and a backward elimination (p \< 0.05 for variable retention in model) procedure was performed, which removed the interaction term (BMI\*screen time) and age category in step 1. Multiple logistic regression models were used to examine the associations between screen time and depression level adjusting potential confounders. Four different models were developed between screen time and depression. Model 1 was adjusted for all potential confounders: age, education, race, gender, BMI, and poverty, Model 2 was adjusted for race, gender, BMI, and poverty, and Model 3 was adjusted for gender, education, BMI, and poverty. Finally, Model 4 was adjusted for minimal set of covariates including: gender, education and poverty. Model 4 was selected to assess and predict the relationship between screen time and depression.

The model fit (covariate p-values) was tested using manual backward elimination regression methods, where all potentially confounding covariates were removed one at a time by analyzing the model fit criteria. Covariates with p-value \> 0.05 were removed one by one when value of Akaike Information Criteria ([@bb0155]) and Schwarz Criterion (SC) was significantly smaller than the values as compared to the previous model. This procedure was repeated until the most parsimonious regression model was reached. Furthermore, the likelihood-ratio statistic was performed, Δ*G*^2^ = (− 2 log *L* from reduced model) − (− 2 log *L* from current model). Smaller value of Δ*G*^2^ (− 2 Log L) of the model with p \> 0.005, which shows the insignificant result against the full model was also used as criteria for model selection.

Interaction between BMI and screen time was included in the saturated model; however, it was not significant. Thus, interaction term was deleted from the backward elimination. Statistical significance was set at p \< 0.05 for the main effects and for the interaction term.

3. Results {#s0045}
==========

The results of this study are based on the responses of 3201 US adults who participated in NHANES 2011--2012. Descriptive analyses of main exposure and study co-variates were performed.

3.1. Demographic characteristics of study population {#s0050}
----------------------------------------------------

The frequency and percentage of main exposure of interest i.e. screen time and co-variates by outcome status are presented in [Table 1](#t0005){ref-type="table"}. Of the total respondents male and female participants were equally distributed gender wise. Majority of respondents were non-Hispanic white (42.17%), whereas Hispanic respondents were accounted for 14.50% of total respondents. About 87% of respondent had completed at least high school/GED and majority (34.5%) of them were between 20 and 35 years old. Based on the self-reported height and weight of the study participants, it was found that about 64.38% of total population was overweight or obese.Table 1Descriptive statistics of study variables by outcome status (n = 3201).Table 1Study variablesN(%)No or mild depression n (%)Moderate or severe depression n (%)p-ValueGenderMale160250.051513 (42.27)89 (2.78)\< 0.0001Female159949.951432 (44.74)167 (5.22)  Education levelLess than High school graduate/GED42713.34367 (11.47)60 (1.88)\< 0.001High school graduate/GED or equivalent or more277386.662577 (80.95)196 (6.13)  RaceNon-Hispanic White135042.171226 (38.30)124 (3.87)0.0061Non-Hispanic Black80225.05739 (23.09)63 (1.97)Hispanic46414.50422 (13.18)42 (1.31)Others58518.28558 (17.43)27 (0.84)  Age20--35 years110434.491018 (31.80)86 (2.69)0.022636--50 years84326.34763 (23.84)80 (2.50)51--65 years77724.27710 (22.18)67 (2.09)\> 65 years47714.90454 (14.18)23 (0.72)  BMIUnderweight521.5846 (1.46)6 (0.13)\< 0.0001Normal107434.031013 (32.10)61 (1.93)Overweight104132.98970 (30.74)71 (2.25)Obese99131.40876 (27.76)115 (3.64)  PovertyYes (below poverty threshold)61720.63522 (17.45)147 (4.91)\< 0.0001No (above poverty threshold)237479.372227 (74.46)95 (3.18)  Screen time\< 4 h per day148146.271399 (43.71)82 (2.56)\< 0.0014 to 6 h per day124838.991129 (35.27)119 (3.72)\> 6 h per day47214.75417 (13.03)55 (1.72)

About 8% of total study participants had moderate or severe depression (PHQ-9 score ≥ 10). Significantly higher proportion of women had experienced moderate or severe depression. Similarly, the proportion of moderate or severe depression was also higher in Non-Hispanic white and among those who spent \> 4 h per day in watching TV and use computer outside of work or school.

3.2. Association between screen time and depression: univariate analyses {#s0055}
------------------------------------------------------------------------

The purpose of this study was to assess whether there is an association between screen time and depression in people who spent \> 4 h of screen time. To test that we conducted univariate analysis between screen time and depression in people spending \> 4 h of screen time. The univariate analyses between screen time and depression indicated that individuals, who spent \> 4 h per day in watching TV and using computer, are more likely to be diagnosed with moderate or severe depression than those who spent \< 4 h per day in watching TV and using computer ([Table 2](#t0010){ref-type="table"}). It was observed that the odds ratio of developing moderate or severe depression among people who spent 4 to 6 h in screen (watching TV and using computers) was 1.798 (95% CI = 1.34--1.572); whereas the odds ratio of developing moderate or severe depression among people who spent \> 6 h/day was 2.250 (95% CI: 1.572--3.221).Table 2Unadjusted ORs and CIs for moderate or severe depression among US adults.Table 2CharacteristicsReference groupUnadjusted ORCI (95%)p-Value36--50 years20--35 years1.241(0.903--1.707)\< 0.000151--65 years1.117(0.800--1.559)\> 65 years0.600(0.374--0.963)Less than HS/GEDHS or more2.150(1.578--2.928)\< 0.0001NH-blackNH-white0.843(0.614--1.157)Hispanic0.984(0.682--1.420)\< 0.001Other race0.478(0.312--0.734)FemaleMale1.983(1.518--2.590)\< 0.001UnderweightNormal weight1.444(0.503--4.143)Overweight1.216(0.854--1.731)\< 0.001Obese2.180(1.578--3.012)Below poverty levelAbove poverty level2.758(2.094--3.630)\< 0.001Screen time 4--6 hScreen time \< 4 h1.798(1.343--2.408)\< 0.001Screen time \> 6 h2.250(1.572--3.221)

From the univariate logistic regression analyses, it was found that people who were \> 65 years old, were at reduced risk of developing moderate and severe depression (OR = 0.600 CI = 0.374--0.963, p \> 0.0001) than those, who are 20 to 35 years old ([Table 2](#t0010){ref-type="table"}). Similarly, non-Hispanic Asians have lower odds of developing symptoms of depression than those who are non-Hispanic white (OR = 0.478 CI = 0.312--0.734, p \> 0.0001). The odds ratio of developing depression among female was 1.983 (CI = 1.518--2.590, p \> 0.0001). It was also observed that people who were at below poverty threshold had higher odds of developing moderate or severe depression (OR = 2.250 CI = 1.57--3.221, p \> 0.0001).

3.3. Association between screen time and depression: multivariate adjusted model {#s0060}
--------------------------------------------------------------------------------

Adjusted model was performed to observe the association between the screen time and depression by keeping all other study variables constant ([Table 3](#t0015){ref-type="table"}). Like in univariate logistic regression model, screen time was found to be significantly associated with depression in adjusted model (adjusted for all potential confounder), OR = 1.943 (1.415--2.669, p \< 0.0001) among those who spent 4--6 h in screen and OR = 2.321 (1.568--3.436, p \< 0.0001) among those who spent \> 6 h/day in screen. The interaction term of BMI and screen time in the adjusted model was found to be insignificant. Adjusting age, gender race, BMI, and poverty level there was lower odds of depression symptoms among people other than non-Hispanic white.Table 3Association between screen time and depression: full-adjusted model.Table 3CharacteristicsReference groupOR95% CIp-Value36--50 years20--35 year1.2340.8671.7570.243251--65 years1.1100.7671.6070.5807\> 65 years0.5380.3180.9100.0209Less than HS/GEDHS or more1.9701.3822.8070.0002NH-blackNH-white0.6130.4340.8670.0057Hispanic0.7690.5141.1500.2014Other race0.5410.3360.8720.0117FemaleMale1.9931.4902.664\< 0.001UnderweightNormal weight1.500.5014.5040.4675Overweight1.3430.9121.9770.1352Obese1.9201.3372.7560.0004Below poverty levelBelow poverty level2.4341.8093.275\< 0.0001Screen time 4--6 h/day\< 4 h per day1.9431.4152.669\< 0.0001Screen time \> 6 h/day2.3211.5683.436\< 0.001[^1]

The adjusted OR (adjusted for race, gender, education, BMI, and socioeconomic status) of developing depression among people 36 to 50 years of age was 1.234 (CI: 0.867--1.757, p = 0.2432), 1.110 (CI: 0.767--1.607, p = 0.5807), and 0.538 (CI: 0.318--0.910, p = 0.0209) among 51--65 years and \> 65 years age group respectively. The adjusted odds ratio among people with less than high school/GED of educational qualification was 1.970 (95% CI: 1.382--2.807, p = 0.0002). Unlike the univariate model, the adjusted model indicated that underweight and overweight were not significantly associated with depressions. Among underweight people the odds ratio was 1.50 (95% CI: 0.501--4.504, p = 0.4675), whereas the odds ratio was 1.343 (95% CI: 0.912--1.97, p = 0.1352) among those who are overweight. However, obese people were found to be significantly associated with depression OR = 1.920 (95% CI: 1.337--2.756, p = 0.0004).

3.4. Model selection {#s0065}
--------------------

After using backward elimination procedure for best model selection; gender, education, poverty level and screen time, were found to be significantly associated with depression level at the significance level of 0.05 ([Table 4](#t0020){ref-type="table"}). All other variables from the full model were removed in the final reduced model. In the final model, the odds ratio of developing depression was 1.958 (95% CI = 1.433--2.677, p \< 0.0001) among those who spent 4--6 h/day on screen and the odds of developing depression were 2.348 (95% CI = 1.602--3.442, p \< 0.0001) among those who spent \> 6 h/day. Higher odds of developing depression among female than male: 2.055 (CI = 1.547--2.729, p \< 0.0001) was observed in the final model. The OR among people with less than high school education was 1.982 (CI = 1.547--2.729, p \< 0.0001). Similarly, people who are living below the poverty threshold have higher OR of developing depression: 2.456 (95% CI: 1.844--3.272, \< 0.0001).Table 4Association between screen time and depression: comparing 4 different models.Table 4Screen timeAdjusted\
Model 1[a](#tf0005){ref-type="table-fn"}\
OR (95% CI)Adjusted\
Model 2[b](#tf0010){ref-type="table-fn"}\
OR (95% CI)Adjusted\
Model 3[c](#tf0015){ref-type="table-fn"}\
OR (95% CI)Adjusted (final)\
Model 4[d](#tf0020){ref-type="table-fn"}\
OR (95% CI)\< 4 h/dayReferenceReferenceReferenceReference4 to 6 h/day1.943 (1.415--2.669)1.877 (1.369--2.575)1.847 (1.348--2.531)1.958 (1.433--2.677)\> 6 h/day2.321 (1.568--3.436)2.251 (1.527--3.320)2.166 (1.472--3.186)2.348 (1.602--3.442)[^2][^3][^4][^5]

4. Discussion {#s0070}
=============

In this large population based cross-sectional study of US adult population, it was found that there was significant association between the TV watching/computer uses with moderate or severe level of depression after controlling all potential confounders. There were higher odds of developing depressive symptoms among people who spend \> 6 h per day in TV watching and computer use. Like the results of previous study on depression, this study also found that, female were at higher risk of developing depression along with less educated and people below poverty level ([@bb0055]). The higher odds of developing depression among female was may be due to the pregnancy related anxiety. Several studies conducted in pregnancy and maternal depression has found that pregnancy reduces the physical activity and that leads towards the depression. During the period of depression, women are more likely to stay at home and spend maximum amount of time watching TV and using computer ([@bb0100], [@bb0115], [@bb0145]). The findings of this study are consisted with study conducted by Hamer et al. which indicates that spending \> 4 h/day in watching TV and using computer, leads to moderate to severe level of depression ([@bb0040], [@bb0075]). Similarly, the results of this study are in accordance with previous studies on sedentary behavior and mental disorders that found the significant association ([@bb0125]).

There is a lack of research assessing the relationships between specific types of screen behavior and depression level among adults. The role of screen time in depression in individual varies with type of screen behavior and duration. In contrast to the findings of this study, the study conducted by Maras et al. on screen time and depression, found the insignificant association between TV watching and depression level. This discrepant in findings could be due to methodological differences in study and study co-variates. Study conducted on BMI and depression found that BMI was significantly associated with severity of depression ([@bb0105]). However, BMI was not significantly associated in this study. Another study found that people who spend more time in front of electronic screens have more sleeping problems which could compromise their ability to cope with stress, resulting in increased feelings of depression or anxiety study ([@bb0095], [@bb0165]).

This is a cross-sectional study and secondary data was used. Since cross-sectional study observes the situation at a given time period, causal relationship cannot be established between the exposure and outcome variable. The data on exposure variables were self-reported by the study participants that may introduce recall bias in the study. Furthermore, the data does not tell about the history of depression and medication, which may again influence the result. Some of the important variables such as physical activity, stress coping strategies and sleep duration were not analyzed in this study, which could have significant effect in predicting the outcome variable.

In summary, after controlling for all covariates, screen time (TV watching and computer using outside work or school) was associated with moderate or severe depression among US adults. The findings of this study suggest that duration of screen time was significantly associated when all covariates were adjusted, however, only gender, education, poverty levels were picked in the final model to predict the depression level. The finding of this study suggests that screen time is a significant risk factor or a marker of mental disorders among US adults. Since, mental health is predicted to be leading cause of disease burden by 2030; the intervention should be targeted towards the prevention of these kinds of risk factors. The finding from this study could inform individuals and policy makers to reduce the time limit of screen time.

Further prospective studies measuring all other important risk factors associated with depression such as: work place sitting, social relationship, and family history of depression are warranted to confirm causal pathways and to examine whether these common sedentary behaviors are associated to poorer mental health outcomes.

[^1]: ^⁎^Adjusted for age, education, race, gender, BMI, poverty.

[^2]: Adjusted for age, education, race, gender, BMI, poverty.

[^3]: Adjusted for education, race, gender, BMI, poverty.

[^4]: Adjusted for gender, education, BMI, poverty.

[^5]: Adjusted for gender, education, poverty.
